M ore than 90% of children with myelomeningo cele (MMC) develop hydrocephalus, but only 15% manifest significant hydrocephalus at the time of MMC closure. 9 Since the aggressive treatment of children afflicted with MMC became the common prac tice, the issue of timing of shunt placement with regard to MMC repair has been debated.
M ore than 90% of children with myelomeningo cele (MMC) develop hydrocephalus, but only 15% manifest significant hydrocephalus at the time of MMC closure. 9 Since the aggressive treatment of children afflicted with MMC became the common prac tice, the issue of timing of shunt placement with regard to MMC repair has been debated.
Earlier reports have supported sequential treatment due to concerns over the possibility of an increased risk of shunt infection and malfunction with the simultaneous method.
14 These studies also emphasize the need for doc umenting progressive hydrocephalus, so that unnecessary shunt placement can be avoided with this approach. Other authors, however, have advocated the repair of MMC and shunt placement during the same operation. 1, 6, 7 These au thors believe that this approach is not associated with a higher rate of shunt complications and that it benefits the patient by providing good healing of the back wound and protecting the brain from the deleterious effects of pro gressive ventricular dilation on cognitive function result ing from delayed shunting. As these children are faced with various medical and surgical problems, selecting a safer treatment approach, by which avoidable complica tions are prevented, is of paramount importance.
In this study we reviewed our experience during 7 years with these 2 methods to evaluate whether there are any differences between them in terms of shunt compli cation rates.
Methods
We retrospectively reviewed the hospital records of all children with MMC who were treated at the Children's Hospital Medical Center associated with Tehran Universi ty of Medical Sciences between January 2000 and January 2007. Data regarding patient characteristics were collected. Only patients who had been followed up for at least 1 year postoperatively were included in the study.
The decision to perform shunt placement (whether at the time of MMC repair or separately) was based on physical examination findings, including accelerating in crease in head circumference, fontanelle bulging, signs of intracranial hypertension (including vomiting, sunset eye, progressive strabismus), and symptomatic Chiari malfor mation. Parents' willingness to allow shunt insertion or MMC repair is a major factor in our decision making, as the parents provide the primary support for these children in developing countries. According to the physicians' plans and parents' final decisions, the patients could be considered in 4 groups with respect to shunt placement and/or MMC repair and the timing of the procedures.
Group 1 included children who did not require shunt placement at the time of back closure, but required a sec ond operation for shunt placement due to the development of hydrocephalus at some point after the first operation. Group 2 consisted of those who presented with clinical and radiological evidence of severe hydrocephalus and un derwent MMC repair and shunt placement concurrently. Group 3 comprised children whose general condition was so poor that they could not tolerate a lengthy operation for concurrent shunting and repair of MMC. These children underwent shunt placement first, and then after their con dition became stable a second operation was undertaken for MMC repair. Group 4 consisted of patients with very poor neurological status whose parents only gave consent for shunt placement.
When concurrent procedures were indicated, the shunt was inserted with the child in the supine position. Then the child was turned to the prone position, the MMC sac was approached, and the defect was repaired in the standard manner.
The number of shunt infections and malfunctions were determined for every patient. Criteria for diagnosis of shunt infection were established as 1) positive CSF culture or 2) clinical evidence of infection in a child with negative cul ture but positive CSF parameters, including positive smear, low level of serum glucose (< 40 mg/dL), and high white blood cell count (> 10 cells/mm 3 ) with polymorphonucleo sis. Malfunction was described as development of signs and symptoms of hydrocephalus confirmed by neuroimag ing. Data pertaining to characteristics such as patients' sex and age, presence of CSF leakage from a shunt or MMC wound, age at the time of shunt placement, MMC level, shunt complications, and death rates were calculated sepa rately for each group. Complications in different groups were crosstabulated and chisquare tests were performed with the statistical software SPSS version 11 (SPSS, Inc.), with probability levels < 0.05 considered statistically sig nificant.
The main limitation of this study was its retrospec tive design, necessitating collection of data from patients' records, which were incomplete with respect to some vari ables. Because our study population included patients from all over the country, many of whom were from distant places, some were lost to followup after 1 year; these pa tients may have been followed up through their local health system, but we did not have access to the data.
Results
Between January 2000 and January 2007, a total of 293 patients were treated for MMC at our institution and followed up for at least 1 year. Slightly more than half (56.7%) were boys. The patients' ages ranged from 1 day to 8 years old (median 45 days) at the time of MMC repair. Of the 293 patients, 127 (43.3%) underwent shunt placement. Most lesions were located in the lumbar and lumbosacral areas (Table 1 ). There was a statistically significant associ ation between the thoracic and thoracolumbar level of neu ral tube defect and the need for shunt insertion (Table 2) .
Sixty-five patients underwent MMC repair first and then shunt placement in a second operation (4-414 days after MMC repair, mean 66 days). In 46 patients MMC repair and shunt placement were performed concurrently. In 7 patients shunt placement was performed first and then MMC closure after their condition had stabilized. Shunt surgery was the only operation performed in 9 patients.
Of the 127 patients treated with shunt placement, 57.5% were boys. There was no significant difference be tween the 4 groups with respect to the patients' ages at the time of the first shunt procedure (Table 3) . During the followup period 1 in every 2 patients ex perienced shunt failure, whether due to shunt infection or malfunction. The overall rate of shunt infection in our patients was 16.5%; in 52.3% of these patients the infec tion resulted in death (Table 4) . Although all patients were followed up for at least 1 year, duration of followup was not equal, even in pa tients who were treated at the same time. However, 14 patients had more than 1 shunt failure; these failures were mostly due to shunt malfunction (Table 5) . Cerebrospinal fluid leakage from MMC or shunt-related wounds (mostly from MMC wounds) was found in 29.8% of all patients, but surprisingly it did not increase the risk of shunt infec tion (p = 0.18). The groups were similar with respect to this parameter (p = 0.13).
We did not find any statistically significant difference in the rate of shunt infection, shunt malfunction, or death between the first 2 main groups (Table 6 ). But patients who were only treated with shunt placement had a sig nificantly higher rate of shunt complications, especially shunt infection. Of note, death occurred in the majority (88.9%) of these patients; the mortality rate in this group was significantly higher than in the other groups (Table  7) . The major reason for the high mortality rate follow ing shunt infections in this group was that in most cases parents refused the required treatment. This situation was more common in the fourth group.
Shunt obstruction accounted for most cases of shunt failure, leading to 74.5% of the total shunt revisions. The majority (59%) of mechanical shunt malfunctions were due to proximal catheter obstruction, followed by subop timal placement of the ventricular catheter and catheter disconnection from the pump.
Discussion
Nowadays MMC is the most complex congenital anomaly compatible with longterm survival, and it is ex pected that nearly 75% of those born with this condition reach early adulthood.
2 These patients require a multi disciplinary approach to treatment, with hydrocephalus management constituting a major part of their care. Thus far the optimal timing for shunt insertion in patients with hydrocephalus associated with MMC has been controver sial. This uncertainty arises from the potential effects that the different treatment modalities might have, especially on the rate of shunt infection, shunt malfunction, and in tellectual development.
Some neurosurgeons try to implant shunts in the set ting of a single procedure. 16 It has been postulated that shunt insertion allows CSF from the lumbar region to reach the ventricles by reversing CSF flow, facilitating infection.
11 So some authors believe that shunts inserted within a week of MMC closure are at increased risk of infection and recom mend a delay of 3-7 days after the closure of an MMC before shunt surgery. 11, 14 In addition, the findings of some studies that evalu ated the possible risk factors for shunt complications in different etiological groups have suggested that those pa tients who undergo a concurrent surgical procedure are at a higher risk for shunt failure. 15, 16 Patient age at the time of first shunt insertion is also considered a risk factor for re peated shunt failure by some authors. 5, 10, 16, 18 Factors such as a poorly developed immune system, generally poorer skin condition, and high skin bacterial density have been implicated as underlying causes. 13, 15 Moreover, the overall risk of shunt infection and malfunction is reported to be higher in patients with MMC. 3, 18 In light of the young age at which most of these patients undergo surgery for re pair of MMC, these considerations raise concern, at least theoretically, over the potential drawbacks of the simul taneous method. * Values represent the number of occurrences of the specified complication, with the percentage of patients in parentheses (that is, the number of complications relative to the number of patients). Note that some patients had more than 1 shunt malfunction or infection. The CSF leakage that was previously found to be a significant risk factor for shunt infection 13 was not a sig nificant risk factor in the present study. This finding is probably related to the effects of some other predispos ing factors of shunt infection in MMC patients that are associated with the MMC wound but are independent of CSF leakage.
Since Epstein et al. 6 first proposed simultaneous ven tricular shunting and MMC closure, several studies have compared the shunt outcomes for patients treated by means of the conventional timing of sequential surgical procedures with those treated with concurrent neural tube closure and shunt insertion. Some authors have concluded that applying the concurrent treatment method in infants with overt hydrocephalus at birth is a safe procedure and does not increase the risk of shunt complications, while it has the advantages of decreasing the risk of further brain damage and reducing the risk of CSF leakage and resul tant infection.
1,4,7 Miller et al. 12 found a higher rate of CSF leakage and longer hospital stay in the patients treated by means of sequential surgical procedures, and although the differences between the 2 approaches with respect to shunt infection and malfunction rates were not statistically significant, the authors expressed concerns about the po tential increase in frequency of shunt malfunction associ ated with the concurrent approach. Parent and McMillan 14 and Machado and De Oliveira 11 evaluated, respectively, 69 and 24 MMC patients treated for hydrocephalus and con cluded that contemporaneous shunt placement and MMC repair does not pose more risk to the patients than does delayed shunt placement. On the other hand, Caldarelli et al. 3 found, in their evaluation of 170 patients, that 23.1% of patients treated with concurrent procedures experienced an infective shunt complication and concluded that, although this approach could decrease the risk of CSF leakage, the reduction was not sufficient for them to declare the level of risk for shunt infection acceptable. They also noted that, as nearly 9% of their patients never needed shunt placement, it would be possible to avoid unnecessary shunting in many cases by careful patient selection. Tuli et al., 15 however, in a prospective study of 189 hydrocephalic patients with MMC found that the effect of prior or concurrent surgery for MMC repair on determining an adverse shunt outcome did not turn out to be significant.
The results of our study show that ventriculoperito neal shunt insertion can be performed concurrently with MMC repair without causing more complications than when these procedures are performed separately. We had a much lower rate of shunt surgery in our MMC patients than is usually reported. This is because of the higher threshold for shunt surgery in our patient population; most of our patients are from lower socioeconomiclevel families for whom there is usually scarce social or public support, so this makes the intensive and thorough super vision and regular followup visits necessary in shunt treated patients extremely difficult. This situation can re sult in an increased rate of complications, which may end in devastating events due to the delayed diagnosis of seri ous problems. Thus, we are generally reluctant to place a shunt in every MMC patient who presents with mild to moderate hydrocephalus. Beyond the 5% of patients who will never develop hydrocephalus, in 20-30% the ven triculomegaly is mild and after an interval of increased head growth these patients will continue to follow a nor mal growth pattern. 8 Although controversial, the term arrested hydrocephalus can be applied to those without signs and symptoms of intracranial hypertension despite moderatetosevere ventriculomegaly. While there is the possibility that we would miss some patients by inadver tently applying the term, we prefer not to place shunts in asymptomatic patients with stable and nonprogressive hydrocephalus in light of the aforementioned situation.
Varying shunt infection rates have been reported in pediatric patients with hydrocephalus, with the rates in more recent series being between 5 and 10%. 13 However, higher rates have been observed among MMC patients, ranging from 11.3 to 18%. Tuli et al. 15 found that almost a quarter of first shunt malfunctions were due to infec tion. In our study the overall rate of shunt infection was higher than in previous reports. This is mostly because of the inclusion of those patients who underwent shunt placement while the MMC was left unrepaired. The rate would decrease to 12% if we excluded these patients. The high mortality rate (88.9%) in these patients again shows the importance of closing the MMC as soon as possible, as it is now clearly established that any delay in closure increases the risk of infection.
We also observed an overall shunt malfunction rate of 39.4%, which is much higher than that reported for patients with hydrocephalus of all causes, but still agrees with the data obtained in MMC patients in other studies. 3 We insert the ventricular catheter blindly according to skull anatomi cal landmarks. The fact that inappropriate positioning of the ventricular catheter was one of the main causes of shunt malfunction confirms the importance of intraoperative im aging such as ultrasound to prevent more complications.
The mortality rate in patients with hydrocephalus who need CSF shunting varies between 1.05 and 38%. 17 Declining rates have been reported for hydrocephalic MMC patients in recent studies. Tuli et al. 17 reported a 7.9% death rate in their study. The overall death rate in our patient population was 13.4%, but it would be 7.9% if we were to exclude those patients whose parents refused standard treatment, and this lower rate would be compa rable to that reported by Tuli et al. Most deaths in our study were due to infections, which occurred mainly in Group 4 (the group of 9 patients whose parents refused further treatment for MMC).
Although we did not find significant differences be tween these 2 approaches, we believe that our findings should be confirmed in a prospective study in which pa tients are matched based on their age and, more impor tantly, on the degree of hydrocephalus. If the severity of hydrocephalus is supposed to have an effect on the out come of shunt survival, it should be considered as a pos sible covariate in clinical studies.
Conclusions
Concurrent closure of MMC and shunt insertion does not carry more risk than the inherent risk associated with shunt placement in these patients. We believe that in care fully selected MMC patients in whom shunt placement is indicated, performing the 2 procedures concurrently can be of substantial benefit. The importance of timely MMC closure cannot be overstated.
